The energy and structure of planar Bloch domain walls with opposite directions (right-and lefthanded) and different paths of magnetization vector rotation have been systemized. The theory covers arbitrary oriented plates of cubic symmetry magnetically ordered medium with negative anisotropy.
Introduction
The first important path of the process of the inhomogeneous magnetization reversal (IMR) in the real crystals is the domain nucleation from the local magnetization inhomogeneity (0° domain wall).
These processes have been investigated in details [1] . The appearing of the new phase domain nucleus in the volume of the domain walls (DWs) is another important mechanism of IMR processes [2] . Then, the growth of the DW width  [3] is the important mechanism of the magnetic reversal. It was determined that specific Bloch DW orientations correspond to the -infinity‖ width of the DW [3] . Consequently, general investigation of the DW structure as well as all possibilities of its changes (including nucleation and DW decay in the limit case) is the important problem for fundamental research and applications of the magnetically ordered media.
There are many works on the investigations of the DW structure [3] [4] [5] [6] [7] [8] [9] [10] [11] . Planar Bloch DWs [4] have been investigated in the unrestricted crystals [3] [4] [5] [6] as well as in the restricted bulk (i.e., in cases when the crystal sample width is sufficiently larger [5] than DW one) crystals [6] [7] [8] [9] [10] [11] with the negative 2 cubic magnetocrystalline anisotropy. The spatial restriction of the volume of magnetically ordered medium leads to the reflection of the DW plain from its orientation which were realized in the unrestricted crystal and to growth of their energy density in general case [6, 9, 11] . In fact, only very specific cases of DWs were investigated in details for cases of bulk plates. They are mainly DWs with lowest energies in high-symmetrical oriented plates: (110) [6, [9] [10] [11] , (100) [12] [13] [14] and (111) [15, 16] . The sequel analysis of domain structure of these samples requires investigation of all possible DWs in their volume. The same investigation are also required for sample with remained orientations (examples are widely used (112) [17] and (210)- [18] plates and films) as well as disoriented samples [6] .
In our opinion, general and detailed systematization of the DWs in the restricted samples (plates)
was not provided yet. General symmetry classification of the magnetic DWs was done [19, 20] . To complete these investigations it is necessary to solve variation problem to found out numerically the thermodynamically equilibrium state of the DW structure for each case of the DW symmetry.
The aim of this work is building of the systematization of energy and structure of planar Bloch DWs with opposite directions (right-and left-handed) and different paths of magnetization vector rotation. The chosen constructive example of this approach is the consideration of the arbitrary oriented plates of cubic ferromagnetic crystals with negative magnetocrystalline anisotropy.
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The analytical expressions for the functions   
Limit and unrestricted width of the domain walls
It was determined that some Bloch DW orientations correspond to the -infinity‖ width of the DW [3] . Appearing of the unstable DWs can be the consequence of the applying of the external magnetic field leading to the reorientation of the DW plane and/or reorientation of the domain magnetization directions.
So, the general analysis of the DW width is required. This can be obtained analytically based on the expressions (4-6).
The analytical expressions for the width of the DW were obtained for the monotone [5] [6] and non-monotone (180° DW only) [3] m distribution in the volume of the DW. For the 71° and 109° DWs with monotone m distributions the expressions are given by:
is the length of the path of the m rotation [11] .
Expressions for the 180° DW with non-monotone m distribution was presented in [3] . Calculation of the width of DWs with remained types and non-monotone m distribution requires determination of the reflection points  . These points were determined by the graphical or numerical methods [3] .
Taking into account (5) and (6) The stability and restrictions of the unstable DWs is leading by the taking into account of the extra components of energy [3] . For example, it can be magnetostriction energy term. Thus, consideration of the DWs in the crystal with small magnetostriction is of interest [21, 22] . Also, taking into account demagnetization energy term leads to stabilization of the above-mentioned DWs as well as rising of the new types of unstable DW types [23] .
Schema of the domain walls degeneration in the (nml) plates
The above mentioned theory allows to describe and to analyze the energy and the structure (plain 
The DWs with opposite m rotation directions (at the same domain order) but the same energy realize in the samples with D=0: (100), (110), (111) The DWs with some received equilibrium orientations were experimentally observed in (110) [9, 10] , (111) [15, 16] and (112) plates of iron yttrium garnet [9, 16] , nickel [10, 13] and 4 3 P U single crystal [15] . Their parameters are italicized in the appropriate tables of the Appendix B. The unstable DWs are bold in the Appendix B.
Conclusions
The typical for the unrestricted crystal degeneration of the semi-type DWs is removed in spatially The spatially restricted sample allows equilibrium 71° and 109° DWs with the long path of magnetization rotation. All typical specially oriented plates allow appearing of the unstable DWs which can be considered as the way of the magnetization reversal of the sample. 
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